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ABSTRACT 

Aims. Our understanding of magnetic fields in late-type stars is strongly driven by what we know of the solar magnetic field. For this 
reason, it is crucial to understand how typical the solar dynamo is. Fo do this we need to compare the solar magnetic field with that 
of other stars as similar to the Sun as possible, both in stellar parameters and age, hence activity. We present here the detection of a 
magnetic field in three planet-hosting solar-like stars having a mass, age, and activity level comparable to that of the Sun. 
Methods. We used the HARPSpol spectropolarimeter to obtain high-resolution high-quality circularly polarised spectra of HD 70642, 
HD 1 17207, and HD 154088, using the Least-Squares Deconvolution technique to detect the magnetic field. From the Stokes / spectra, 
we calculated the logR HK activity index for each star. We compared the position of the stars in the Hertzsprung-Russell diagram to 
evolutionary tracks, to estimate their mass and age. We used the lithium abundance, derived from the Stokes / spectra, to further 
constrain the ages. 

Results. We obtained a definite magnetic field detection for both HD 70642 and HD 154088, while for HD 117207 we obtained a 
marginal detection. Due to the lower signal-to-noise ratio of the observations, we were unable to detect the magnetic field in the 
second set of observations available for HD 117207 and HD 154088. On the basis of effective temperature, mass, age, and activity 
level the three stars can be considered solar analogs. 

Conclusions. HD 70642, HD 1 17207, and HD 154088 are ideal targets for a comparative study between the solar magnetic field and 
that of solar analogs. 
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1. Introduction 

Our knowledge about magnetic fields in late-type stars is 
strongly driven by what we know of the Sun; but how typical is 
the solar magnetic field? For example, the Sun's magnetic field 
and activity cycle might be rat her peculiar due to the presence 
of pla nets, Jupiter in particular (Zaq arash vil il 19971: IWilson et alj 
2008), which has an orbital period consistent with the periodic- 
ity of the solar cycle. One way to look for an answer to "how 
typical is the solar dynamo?" is to look for and characterise the 
magnetic field of stars as massive, old and inactive as the Sun. 

iPetit et al.l (l2008h determined the geometry of the magnetic 
field for four solar-like stars, concluding that slowly rotating (in- 
active) stars tend to host a stronger poloidal component of the 
magnetic field compared to the toroidal one, with the latter in- 
creasing its strength at the expense of the former wi th increas- 
ing ro tation (activity). Of the four stars analysed by Petit et al. 
(2008), only 18 Sco (HD 146233) is as old and inactive as the 
Sun, while the other three stars are progressively younger and 
therefore more active. Fhe magnetic field geometry of 18 Sco is 
similar to that of the Sun, but one comparison star is not statis- 



* Based on observations made with ESO Felescopes at the La Silla 
Paranal Observatory under programme ID 089.D-0302. 



tically significant. In general, any such comparison should also 
aim to sample over the stellar activity cycle. 

In April 2012 we observed 29 planet-hosting stars aiming 
to look for and study their magnetic fields and possible con- 
nection to star-planet interaction. Most of the stars for which 
we detected a magnetic field were either young and active or 
evolved away from the main sequence (Hertzspmng-gap stars). 
The results of this program will be published in a separate paper. 
Here we present the detection of a magnetic field in three old and 
inactive solar-like planet-hosting stars: HD 70642, HD 117207, 
HD 154088. Together with 18 Sco, these objects will ultimately 
allow us to understand how typical is the solar dynamo, as well 
as detecting a connection between the stellar activity cycle and 
giant planets, if any. 



2. Observations and magnetic field detection 

We observed the three stars with the H ARPSpol polarime- 
ter (ISnik et al ll20TTt iPiskunov et al.ll20TTh feeding the HARPS 
spectrograph ( Ma yor et al.l2003ri attached to the ESO 3. 6-m tele- 
scope in La Silla, Chile. The observations, covering the 3780- 
6910 A wavelength range with a spectral resolution R ~1 15 000, 
were obtained using the circular polarisation analyser. We ob- 
served each star with a sequence of four sub-exposures obtained 
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rotating the quarter- wave retarder plate by 90° after each expo- 
sure, i.e. 45°, 135°, 225° and 315°. The exposure times have 
been set according to the stellar brightness and sky conditions; 
the resulting signal-to-noise ratio (S/N) is listed in Table [3] The 
observing log is given in Table Q] 

Table 1. Basic datas of the observations. 



Star 


V 


Date 


MJD 


Exp Time 


Name 




04/2012 




[s] 


HD 70642 


7.17 


17 


56034.9675 


4x1160 


HD 117207 


7.26 


17 


56035.1746 


4x1400 






21 


56039.0703 


4x1450 


HD 154088 


6.58 


17 


56035.3896 


4x670 






21 


56039.4035 


4x470 



Notes. The date, given in column three, corresponds to the night of 
observation in April 2012. The modified Julian date (MJD) is that of 
the beginning of the observation. 

We r educed and calibrated th e data with the REDUCE 
package (Piskunov & Valentill2002h . obtaining one-dimensional 
spectra which wer e combined using th e "ratio" method in the 
way described by (Bagn ulo et al.l l2009). We then re-normalised 
all spectra to the intensity of the continuum obtaining a spectrum 
of Stokes / (I/I c ) a nd V (V/I c ), plus a sp ectrum of the diagnostic 
null profile (N - see Bag nulo et al.l2009h . with the corresponding 
uncertainties. 

The magnetic field detection technique used in this 
work requires the knowledge of the atmospheric parame- 
ters (effective temperature - T e s and surface gravity - logg) 
and metallicity ([Fe/H]). We extracted from the literature a 
numb er of independent photometric (Infrared Flux M ethod 



Casagrande et al 



. .201 li IR armrez & Melendez 2005) and 
spectroscopic (|Allende Prie to & Lambertl 119991: ISantos et al.l 



2004 : IValenti & Fisherl 120051: iTavlorl l2005b iBond et al.l 12 006: 
Isousa et al.ll2008HGhezzi et aklboiOatlGonzalez et al.ll2010h de- 
terminations and set r e ff, \ogg, [Fe/H], and their uncertainties, 
as the average values and their standard deviation. The final 
adopted set of parameters and metallicity is given in Table [2] 
Averaging results obtained with different techniques (i.e. pho- 
tometric an d spectroscopic) a llows one to reduce systematic un- 
certainties dFossati et al.ll201 li) . 

Table 2. Adopted atmospheric parameters compared to that of the Sun. 



Star 


Tss 




[Fe/H] 


u sin i 


Name 


[K] 


[cgs] 




[kms" 1 ] 


HD 70642 


5683(42/10) 


4.41(03/9) 


+0.17(04/9) 


0.3 


HD 117207 


5678(56/6) 


4.32(13/6) 


+0.22(05/5) 


1.0 


HD 154088 


5423(51/4) 


4.40(11/4) 


+0.31(03/3) 


1.9 


Sun 


5777 


4.44 


0.00 


1.2 



Notes. The numbers given in parenthesis for r c ff, logg, and [Fe/H] cor- 
respond to the uncertainty and adopted numbe r of sources (see S ect. [3]). 
The projected rotational velocity is taken from lValenti & Fisher (2005). 

In late-type stars, polarisation signatures are usually unde- 
tectable in individual spectral lines in both Stokes / and V, un- 
less i n the presence of a s trong field and with exceptionally good 
data dDonati et alJ fl997). To detect magnetic fields we used 



the L east-Squares Deconvolution technique (LSD; Donat i~et~all 
1 19971) . which combines line profiles (assumed to be identical) 
centered at the position of the individual lines and scaled accord- 
ing to the line strength and sensitivity to a magnetic field. The 
resulting mean profiles (/, V, and AO were obtained by combin- 
ing a few thousand spectral lines with a great increase in S/N 
and therefore sensitivity to polarisation signatures. We com- 
puted the LSD profiles of Stokes /, V, and of t he null profile us- 
ing the methodology and the code described in Kochukho v et al.l 
(2010). We prepared the line mask used by the LSD code sepa- 
rately for each star adopting the stellar parameters listed in Ta- 
ble [2] We extracted the line parameters from the Vienna Atomic 
Line Database (VALD:IPiskunov et aT]ll995blKupka et alJ[l999l : 
iRvabchikova et all Il999l) .~ For each star we used about 3000 
metal lines, all stronger than 30% of the continuum, avoiding 
lines with extended wings (e.g. Mgib and hydrogen lines) and 
in spectral regions affected by the presence of telluric lines. 

Figure Q] shows the obtained LSD profiles, while Table [3] 
gives the results gathered from their analysis. We defined the 
magnetic field detection mak ing use of the false alarm probabil- 
ity (FAP; iDonati et al.lll992l) . considering a profile with FAP < 
10~ 5 as a definite detection (DD), 10~ 5 <FAP < 10 -3 as a 
marginal detection (MD), and FAP> 10~ 3 as a non-detection 
(ND). To further check the magnetic field detections are not spu- 
rious, we calculated the FAP for the null profile in the same ve- 
locity range as used for the magnetic field, obtaining ND in all 
cases. We also calculated the FAP for equivalent velocity ranges 
displaced both redwards and bluewards to sample the continuum 
in the Stokes / spectrum. The results for both Stokes V and the 
null profile are given in column 6 of Table [3] The much higher 
FAP obtained in these tests are consistent with our detections be- 
ing genuine. In addition, we checked both Stokes V and the null 
profile are consistent with the expected noise properties (e.g., 
Stokes V uncertainties consistent with the standard deviation of 
the null profile). 

The non-detections resulting from the analysis of the spectra 
of HD 117207 and HD 154088 on the night of April 21st are 
most likely due to the lower S/N compared to that obtained on 
the night of April 17th. This was caused by the highly variable 
seeing on the night of April 2 1 st, which did not allow us to have 
enough control on the exposure times in order to achieve the 
desired S/N. 

3. Lithium abundance, age and activity 

To find whether the three stars presented here are good com- 
parisons to the Sun, we need to establish their age and activ- 
ity level as accurately as possible. We estimated the mass and 
age of the stars by fitting evolutionary tracks to their position 
in the Hertzsprung-Russell (HR) diagram. We derived lumi- 
nosities on_fh£_basisof_fhe V magnitudes and Hipparcos dis- 
ta nces (|van Lee uwen 2007), adopting the bolometric correction 
bv lFlowerl (119961) . 

We used the stars stellar evolution code (Eggleton] [l97Tl 
IStancliffe & Eldridgdl2009h to construct models for stars of be- 
tween 0.9 to 1 .5 M Q (with a mass spacing of 0.05 M ), for metal- 
licities of Z=0.01, 0.02 and 0.04. These models have been 
evolved from the pre-main sequence to the giant branch using 
999 meshpoints, a mixing length parameter of 2.0 and without 
the inclusion of convective overshooting. Figure [2] shows the 
position of the three target stars in the HR diagram, in compar- 
ison with stars evolutionary tracks calculated with a metallicity 
of [Fe/H]=0.3 dex (Z=0.04). By taking into account the uncer- 
tainties on r eff , log L/L Q , and [Fe/H], for HD 70642, HD 1 17207 
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Fig. 1. /, V and N LSD profiles (from 
bottom to top) obtained for HD 117207 
(left panels), HD 154088 (middle panels), 
and HD 70642 (top-right panel). The V 
and N profiles were expanded by a fac- 
tor of 700 and shifted upwards. The un- 
certainties are shown as bars at the top- 
left hand side of each panel. All profiles 
are shifted to the rest frame. The detec- 
tion flag is given at the bottom-left cor- 
ner of each panel. The vertical dashed 
lines indicate the range adopted for the 
calculation of the magnetic field. The 
bottom-right panel shows a comparison 
between observed and synthetic spectra 
for HD 117207 (top), HD 154088 (mid- 
dle), and HD 70642 (bottom) in the region 
of the Li i feature at ~6707 A, for which 
the approximate position is indicated by a 
vertical dashed line. 



Table 3. Results from the LSD analysis. 



Star 


Date 


<B ? > (V) 


FAP (V) 


Detection 


FAP (V) 


S/N 


S/N 


# lines 


Name 




[G] 


line 


V 


blue cont./red cont. 


/ 


Vlsd 




HD 70642 


17 


0.54+0.59 


9.7xl0- 6 


DD 


1.4xl0-'/5.4xl(r' 


339 


17864 


2873 


HD 117207 


17 


1.36+0.62 


LlxlO" 4 


MD 


1.4xl0-'/1.6xl0-' 


389 


17471 


2859 




21 


-0.55+0.77 


9.9xl0~' 


ND 


4.8xlO- I /2.3xl(r 1 


251 


13808 


2859 


HD 154088 


17 


2.72+0.49 


3.0xl0" 6 


DD 


3.3xl0-'/2.7xl0-' 


288 


21280 


3299 




21 


0.96+0.71 


1.2xl0~ 3 


ND 


5.1x10-79.9x10-' 


206 


14353 


3299 


Star 


Date 


<B, > (AO 


FAP (A 7 ) 


Detection 


FAP (AO 


S/N 


S/N 


# lines 


Name 




[G] 


line 


N 


blue cont./red cont. 


/ 


Vlsd 




HD 70642 


17 


0.21+0.59 


4.2X10" 1 


ND 


1.8xl0-7l.2xl0-' 2 
2.9xl0- 2 /2.5xl0-' 


339 


17864 


2873 


HD 117207 


17 


-0.05+0.62 


4.2x10"' 


ND 


389 


17471 


2859 




21 


0.55+0.77 


6.0x10"' 


ND 


8.1xl0-'/8.1xl0-' 


251 


13808 


2859 


HD 154088 


17 


-0.47+0.79 


4.0xl0" 2 


ND 


1.3xl0-'/4.6xl0-' 


288 


21280 


3299 




21 


-0.34+0.71 


5.5x10-' 


ND 


1.4xl0-'/5.8xl0-' 


206 


14353 


3299 



Notes. The S/N (per-pixel) of Stokes / is that of the observed spectum and it has been calculated over an 0.5 A region at -5060 A. The S/N of 
Stokes V is that of the LSD profile. Column six lists the FAP calculated in the continuum region bluewards and redwards of the spectral line, over 
a range as broad as that adopted to derive <B Z >. The last column lists the number of lines used in the line mask. For all stars we adopted a range 
of 22 km s" 1 (i.e., ±11 km s -1 from the line center) for the calculation of the magnetic field. 



and HD 154088 we estimated an age of 3±3, 5±2, and 5±3 Gyr, 
respectively. The derived stellar masses are listed in Table [4] 

To further constrain the age, we measured the Li abun- 
dance frojrrfhefcatvrreat ~6707 A, adopting hyperfine structure 
from Smi th et al.1 (1 19981) and the meteoritic /terrestrial isotopic 
ratio Li 6 /Li 7 =0.08 (Rosman & Tavlod [19981 To measure the 
Li abundance, we fitted synthetic spectra, calculated adopting 
the LLmodels (Shulvak et al. 2004) model atmosphere code and 
the SYNTH3 dKochukhov||2007l) spectral synthesis code, to the 
observations. The Li abundance obtained for each star is listed 
in Table|4] while the bottom-right panel of Fig. Q]shows a com- 



parison between observed and synthetic spectra in the region of 
the analysed Lii feature, demonstrating the very low Li abun- 
dance of the three stars. For both HD 70642 and HD 117207 
the derived L i abundanc e is in agreement wit h that given by 
iGhezzi et al.l d2010bl) and lGonzalez et all (l2010l). A com p arison 
of the Li abundance with results by ISestito & Randi ch (2005) 
allows us to conclude that all three stars are older than at least 
3 Gyr, hence they are as old as or older than the Sun. 

The chromospheric activity S -index was measured by com- 
paring the flux in the core of the CanH&K lines against the 
flux in the surrounding continuum region, as explained by 
iJenkins et al.l d2006. 2008). We convert this value into the classic 
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Fig. 2. Position of HD 70642, HD 117207 and HD 154088 in the 
HR diagram in comparison with evolutionary tracks calculated with 
[Fe/H]=0.3 dex. The position of the Sun is also indicated and its dis- 
placement from the 1.00 M Q track is due to the non-solar metallicity 
used for the tracks. 



log R HK index using the recipes described in lNoves et al.l (fl984) 
after conversion to the Mt. Wilson system of measurements (see 
iDuncan et al.ll 99 lh . A more thorough description of the calibra- 
tion method will be presented in a forthcoming paper (Fossati et 
al. 2013, in prep). The derived logR HK for all three stars lie be- 
tween -4.93 and - 5.05, typical of qui escent solar-like stars on 
the main sequence (Jenk ins et al.ll201 H) . In addition, the derived 
log R HK activity index i s in agreement with that previously ob - 
tained by other authors (Jenl rins et al.l l2006: Wri ght et al.l l2004). 
showing that our observations have not been taken during a pe- 
riod of excess activity. The higher log R HK value for HD 70642 
agrees with the slightly younger age found for this star from the 
isochrone fitting, assuming a rotationally driven magnetic dy- 
namo model that weakens with age. 

Table 4. Derived age range, mass, Li abundance and log R HK in com- 
parison to that of the quiet Sun. 



Star 


Age 


Mass 


log n(Li) 




Name 


[Gyr] 


M G 




HD 70642 


3-6 


1.05(10) 


<0.85 


-4.935(14) 


HD 117207 


3-7 


1.08(03) 


<0.85 


-5.043(24) 


HD 154088 


3-8 


0.97(05) 


<0.75 


-4.992(40) 


Sun 


4.6 


1.00 


1.05 


-4.960 



Notes. The uncertainties given for mass and log R HK corresponds to that 
of the last digits. 



4. Discussion 

Except for a slight metal enrichment, HD 70642 and HD 1 17207 
have stellar parameters very similar to that of the Sun. The two 
stars have an age in the range of 3-6 Gyr for HD 70642 and 3- 
7 Gyr for HD 1 17207, proving they are about as old as the Sun, 
if not older. For both stars, the derived mas s and age values 
are in agreement with previous determinations (IValenti & Fisherl 
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2005: Takedal2007: Ghezzi et al.li2010aL Gonzalez etal.1 


2010; 


ICasagrande et al.ll201 lb. In particular, ICasagrande et al. ( 


201 lb 



estimated masses and ages of the two stars using two indepen- 
dent stellar evolution codes, obtainin g results which are v ery 
close to our values. For HD 1 17207. IWright et all (|2004|) re- 
ported a rotation period of 36 days, about 10 days longer than 
that of the Sun, further indicating the old age and low activity of 
the star. 

HD 154088 is slightly cooler and more metal rich, compared 
to both HD 70642 and HD 117207. For this star, we estimated 
an age range of 3-8 Gyr, in agreement with previous determi- 
nations (IValenti & Fished l2rj05tlTakeddl2007l). For HD 154088, 
Wrig ht et al.l (120041) measured a rotation period of 42 days, al- 
most double than that of the Sun. 

On the basis of the estimated temperatur e, mass, age and ac- 
tivity, and following the definition given by ISoderblom & Kingl 
dl998l) . HD 70642, HD 1 17207, and HD 154088 can be consid- 
ered solar analogs (note that within the uncertainties, the metal- 
licity of HD 154088 is consistent with the definition of solar ana- 
log). Although HD 117207 would require further confirmation 
of the presence of a detectable magnetic field, the three stars are 
ideal targets to characterise their magnetic field geometry and 
compare it to that of the Sun, to study how typical the solar dy- 
namo is. The cooler temperature of HD 154088 might not make 
it such a good comparison for the Sun, but it will allow one to 
look for differences in the stellar dynamo as a function of mass, 
for stars of similar ages. In addition, HD 70642 and HD 1 17207 
host Jupiter-like planets with Jupiter-like orbital periods (~6 and 
7 years, respectively). It will be very valuable to determine the 
periodicity of their activity cycle, to check whether it is compa- 
rable with the orbital period of the hosted planets. 
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